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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



I. Basis of the report 



'"temationalappiica tior^p, PCT/CA00/008O1 



1 • With regard to the elements of the international application (Renl^ mon t 

*°«*»Mng Office in response to an invitation u%TZ«i^a^^?°* % ** to 



1-5,8-16,18-33 
6,7,17 



as originally fifed 



with telefax of 



21/09/2001 



Claims, No.; 
1-51 



with telefax of 



21/09/2001 



Drawings, sheets: 
1/6-6/6 



as originally filed 



Sequence fisting part of the description, pages: 

1-6, filed with the letter of 2 1.09.2001 

2. With regard to the language, all the e/ements marked above were available nr ^ ^ 

language in which the international application was filed, unfes^ the 



. which is: 



These elements were available or furnished to this Authority in the following language: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23 1 <ui 

□ the language of publication of the international application (under Hu.e 48.3(b)) Rute23l < b »- 

□ the language of a translation furnished for the purposes of international „,.n . 

55.2 and/or 55.3). purposes or /ntemational preliminary examination (under Rule 

3. With regard to any nucleotide and/or amino acid sequence disclosed in tho into 

.nternat.onal preliminary examination was earned ouTon the b^ Q 7^ e m s ^ l ^ t ^^^ , -PPM-Mon. the 

contained in the international application in written form, 
filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to mis Authority in computer readable form. 
The statement that the subsequently furnished written sequence listinn do~ , 

the international application as filed has been furnished. q 5,1,19 does not 9° beyond the disclosure in 
The statement that the information recorded in comDuter raaHaSi- * > 

listing has been furnished. computer readable form is .dentical to the written sequence 



□ 
□ 

SI 

a 

IS 





Reception: 10/23/01 8:43; 



23. OKT. 2001 14:38 



+49 89 2399 ++ 6S -» Leger Roblc Richard /Roblc 3o; Page A 



EPA MUENCHEN +49 89 23994465 



NR. 1 273 _ "S. 4/26- 



INTEHNATIONAL PRELIMINARY 
EXAMINATION REPORT 



4. The amendments have resulted in the cancellation of: 



international application No, PCT/CAOO/00801 



O the description, 

□ the claims. 

□ the drawings, 



pages: 

Nos.: 

sheets: 



5. □ This report has been established as if (some of) the ami>nHmon* e ~ l. 

considered to go beyond the disclosure aT«led (S!ie 70 2^ made ' since **** 

(Any^p /a csr,ent sHeet containing sue* amendments most O* refers to under Hem 1 and annaxgd to ^ 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with r«aarH tn 

citation, and explanations supporting iuTsSmem % ' """""^ ° r ,ndustr,a ' «PP»c-t,i«ity; 

1. Statement 

Novelty (N) 
Inventive step (IS) 



Industrial applicability (IA) Yes: Claims 1 - 57 

No: Claims 



Yes: Claims 1 - 35, 43 - 47 

No: Claims 36-42,48-51 

Yes: Claims 4 - 1 O. 1 2 - 1 8, 24 - 33, 43 - 47 

No: Claims 1 - 3, 11, 19 - 23, 34 - 42, 48 - 51 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description and drawinns nr ,n *h ^ 

claims are fully supported by the description, are made: Swings or on the question whether the 

see separate sheet 
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INTERNATIONAL PRELIMINARY International appHcation No PCT/CAOO/OOftoi 

EXAMINATION REPORT - SEPARATE SHEET HGT/CAOO/00801 

Re Item I 

Basis of the opinion 

The amended description and claims filed with the telefax of 21 .09.2001 are formally 
acceptable under Article 34(2)(b) PCT. 

The amendments in the sequence listing pages 1-5 filed with the telefax of 21.09.2001 
appear to be corrections of an obvious error that has been detected by the ISA. The 
amendments are therefore formally acceptable under Article 34(2)(b) PCT under the 
condition that no new matter has been added. 



Re Item V 

Reasoned statement under Article 35 with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

The following documents (D) are referred to in this report; the numbering will be 
adhered to in the rest of the procedure and is following the order of the International 
Search Report: 

D1 DD-A-209379 (ADW DDR) 

D2 EMBL Acc. No. AB010697 

D3 Krajncie and Nemec, 1995. J. Plant Physiol. 146:754-756. 

D4 Albrechtova and Ullmann. 1994. Biol. Planta. 36:317-319. 



1 . Article 33(2)(3) PCT (Novelty and inventive step) 

1.1 Present claim 1 is directed to a method of modulating flowering in a plant by 
modifying the endogenous level of at least one compound belonging to the 
jasmonate family. 

Documents D1 (page 1 , last paragraph). D3 (page 755. Discussion) and D4 (page 
318, 2 nd paragraph) disclose methods of modulating flowering in a plant by 
modifying the endogenous level of a compound of the jasmonate family, i.e. 
jasmonic or methyljasmonic acid. These two compounds are excluded from 
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EXAMINATION REPORT - SEPARATE SHEET™ app,ication PCT/CAOO/00801 

^ 

present claim 1 . Claim 1 and dependent claims 2 - 1 1 and 21 2a th, 16 
requirements of Article 33(2) PCT. The same holds true "or the subTjct Zl£ 
cla,ms 19 20, 34 and 35 directed to a composition for inducing or detZ 
ffowenng ,n a plant comprising a compound mentioned in claim 1. 

1 .2 The subject-matter of present claim 1 differs from D1 D3 or n 4 hu 

another compound from the jasmonate family. The problem fo b > t^lZL 

plated as the provision of an alternative method for modulaCo^ringin 

13 Alternative compounds from the jasmonate family have been available at the 
filing date of the present application. It does not involve an inventive step to 
exchange one known compound by another known compound of the same 
chemical group. An inventive activity for the subject-matter of present claim 1 can 

^TpCtT^7^T T: 1 d ° eS ^ ^ ^ ^™°< Article 
33(3) PCT. The same holds true for dependent claims 2, 3, 1 1 and 21 - 23 a * «,«n 

as for claims 19, 20,34 and 35 directed to compositions contained 
compounds. r a 

14 Present c.aim 36 is directed to an iso.ated nucleic acid molecule encoding a 
plant hydroxyjasmonic acid sulfotransferase. 9 a 

Document D2 discloses a nucleic acid sequence that is 100% identical to SEQ In 
NOs:1 and 3. D2 therefore anticipates the subject-matter of present ^ di ms 36 and 
37 - 39 as we., as of Calm 48 directed to the corresponding proton 
claims 40 - 42 and 49 - 51 do not contain any features that would lender The 

C ' aimS n ° Ve ' " ' nVentlVe ° V6r ** art 

1 -5 The function of a nucleic acid molecule is an inherent feature of its sequence 
^ ; t,y ' ann ° tat,ng a cannot establish novelty over the 

1 /It appears that claims directed to a method of modulating flowering in a plant 
by enhancng or .nhibiting the expression of AtST2ay b and thereby incrJaZ or 
decreas.ng the endogenous level of jasmonic acid, methyljasrnonfc ac d 12 
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hydroxyjasmonic acid and/or 1 1 hydroxyjasmonic (i.e. claims 4- 10 12 - 1 8 24 - 
33 and 43 - 47) acid could meet the requirements of Article 33(2)(3) PCT. 
Please also see the comments in section Vlll below 

1.0 The applicant is requested to note that any transgenic plant containing a gene 
that leads to early or late flowering may anticipate the subject-matter of present 
claims 12. 13, 29 and 30. These plants may have, as a result of the expression of 
a flowering related gene (WUSCHEL, APETALA, ...), a modified level of a 
compound of the so-called jasmonate family. 



Re Item Vlli 

Certain observations on the international application 

1 . The term "functional homologues" in present claims 6 and 31 is unclear (Article 6 
PCT). It is not apparent what such a term may comprise and it is therefore not 
useful as a true technical feature. 

The same holds tme for the term "AtST2a/b". Such internal arbitrary designations 
are meaningless to a man skilled in the art and should be replaced by reference to 
a SEQ ID NO. 



It may be true that the description (page 8, line 27 - page 9, line 13) provides 
some sort of "definition" for the contested term. This "definition 1 ' is however not 
useful to clearly define the meaning of a "functional homologue". On the contrary 
it introduces ambiguity and does not allow to determine the extent of protection. ' 

Claims 12 and 29 do not meet the requirements of Article 6 PCT in that the matter 
for which protection is sought is not clearly defined. The claims attempt to define 
the subject-matter in terms of the result to be achieved which merely amounts to a 
statement of the underlying problem. The technical features necessary for 
achieving this result should be added. It is not apparent how an increased or 
decreased endogenous level of compounds of the so-called jasmonate famiJy 
should be obtained. 

It furthermore appears that the subject-matter of claims 12 and 29 in their present 
form is not sufficiently disclosed for a man skilled in the art to carry out the 
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invention. The only method that has been reduced to practice is the 
overexpression or inhibition of AtST2a/b. Thus an undue burden is placed on 
others trying to establish the extent of protection (Article 5 PCT) 
The same holds true for present claims 4, 5, 21 - 24 and 30. 

Similar objections apply to present claims 20 and 35 with respect to the term 
-effective amount of It is not apparent how an effective amount of a substance 
modulating flowering in a plant should be defined. Therefore, the term is not 
useful as a true technical feature. 

The definitions provided by the description do not help to clarify the contested 
term. Once again an undue burden is placed on others trying to establish the 

extent of protection (Articie 5 PCT;. 
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advantage of great economic importance for horticultural plants and some crop 
plants such as cauliflower and broccoli. 

Other objects and advantages of the present invention will be apparent 
upon reading the following non-restrictive description of several preferred 
5 embodiments, made with reference to the accompanying drawings and to the 
enclosed examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1A and 1B show the chemical structures of 12-hydroxyjasmonic acid 
10 (Fig.>1A) and 11-hydroxyjasmonic acid (Fig. 1B). 

Figures 2A and 2B are pictures showing the effect on flowering time of a 
treatment with 12-hydroxyjasmonic acid (Fig. 2B) in Arabidopsis thaliana, 
when compared to a treatment with water (Fig. 2A). 

Figure 3 is a picture showing the phenotype of transgenic Arabidopsis plants 
15 expressing AtST2a gene under the control of a constitutive promoter when 

compared to wild type non-transgenic plant (WT). S5, S6, S9, and S16 
indicate independent transgenic lines. 

Figure 4 is a Western blot of protein extracts from the plants shown in Fig. 3 
probed with anti-AfST2a antibodies. MW: Molecular weight markers; WT: wild 
20 type plants; S5, S6, S9, and S1 6: independent transgenic lines. 

Figure S is a picture showing the phenotype of transgenic Arabidopsis plants 
expressing the AtST2a gene in the antisense orientation under the control of 
a constitutive promoter (TL 7-2-5) when compared to non transgenic plants 
(WT). 

25 Figure 6 is a picture showing the effect of methyljasmonic acid treatment on 

the flowering time of wild type Arabidopsis thaliana plants (WT C24) and on 
transgenic Arabidopsis tha/iana plants expressing the AtST2a gene in the 
antisense orientation under the control of a constitutive promoter (TL 7-2-5). 
Figure 7: Shows nucleotide sequence of AtST2a gene (SEQ ID NO 1) taken 

30 from Arabidopsis thaliana database at Stanford University (clone number 

M0J9, gene MOJ9.16 and the EST 1 19G6T7) and the GenBank™ database 
(accession number AB010697, nucleotides 53936 to 5501 5). 
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Figure 8: Shows the deduced amino acid sequence (SEQ ID NO 3) of the 
protein encoded by the AtST2a gene shown in Fig. 7. 
Figure 9: Shows the nucleotide sequence of AtST2b gene (SEQ ID NO 2) 
taken from Arabidopsis thaliana database at Stanford University (clone 
5 number M0J9, gene MOJ9.15) and the GenBank™ database (accession 

number AB01 0697, nucleotides 50627 to 51670). 

Figure 10: Shows the deduced amino acid sequence (SEQ ID NO 4) of the 
protein encoded by the AtST2b gene shown in Fig. 9. 
Figure 11 is a Northern blot of plants mRNA extracts showing the effect of 
10 various 12-hydroxyjasmonate concentrations on the expression of the 

AtST2a gene. 

Figure 12 is a Northern blot of plants mRNA extracts showing the effect of 
the photoperiod on the expression of the At$T2a gene. 

1 5 DETAILED DESCRIPTION OF THE INVENTION 

A) Definitions 

In order to provide an even clearer and more consistent understanding of 
the specification and the claims, including the scope given herein to such terms, 
the following definitions are provided: 

20 1 1-hydroxyjasmonic acid: 3-Oxo-2-(4-hydroxy-2-pentenyl)-cyclopentane- 

1- acetic acid. Its chemical structure is shown in Fig. 1B. 

1 1-hydroxyjasmonic acid glucoside: 3-Oxo-2-(4-p-D-glucopyranosyloxy- 

2- pentenyl)-cyclopentane-1 -acetic acid 

1 1- hydroxyjasmonic acid sulfate: 3-Oxo-2-(4-hydroxysulfonyloxy-2- 
>5 pentenyl)-cyclopentane-1 -acetic acid 

12- hydroxyjasmonic acid: 3-Oxo-2-(5-hydroxy-2-pentenyl)-cyclopentane- 

1- acetic acid. Its chemical structure is shown in Fig. 1A. 

12-hydroxyjasmonic acid glucoside: 3-Oxo-2-(5-j3-D-giucopyranosyloxy- 

2- pentenyl)-cyclopentane-1 -acetic acid. 

0 12-hydroxyjasmonic acid sulfate: 3-Oxo-2-(5-hydroxysulfonyloxy-2- 

pentenyi)-cyclopentane-1 -acetic acid. 
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inhibitors of jasmonic acid hydroxylase(s) should prevent the production of 
hydroxylated jasmonate compound(s). 

As for the flowering compounds, the above stimulators and/or inhibitors can 
be applied in a pure form, as a mixture of a plurality of compounds or be part of a 
5 flowering delaying composition. 

2) Molecular approach 

In accordance with the present invention, genetic sequences encoding a 
plant hydroxyjasmonic acid sulfotransferase have been identified, cloned and used 

10 to generate transgenic plants. 

SEQ ID NO 1 (Fig. 7: GenBank™: accession number AB010697, 
nucleotides 53936 to 55015; and Stanford University Arabidopsis thaliana 
database: done number M0J9, gene MOJ9.16 and £ST 119G6T7) corresponds to 
the gene AtST2a in Arabidopsis thaliana. SEQ ID NO 3 (Fig. 8) is an amino acid 

15 sequence deduced from SEQ ID NO 1. This amino acid sequence is of public 
domain and comes from the Kazusa Arabidopsis Opening Site (KAOS) of the 
Kazusa DNA Research Institute (KDRI) (http://www.kazusa.or.ip/kaos/: clone 
number M0J9, gene MOJ9.16). The present inventors have found that the AtST2a 
gene from Arabidopsis thaliana encodes a sulfotransferase that sulfonates 12- 

20 hydroxyjasmonic acid and 11 -hydroxyjasmonic acid with high specificity. Although 
not shown, results obtained demonstrated that this hydroxyjasmonic add 
sulfotransferase exhibits high affinity for its substrate with a Km value of 11 uM for 
12-hydroxyjasmonic acid and 60 uM for 1 1 -hydroxyjasmonic acid. The enzyme did 
not accept structurally related compounds such as cucurbic acid, arachidonyl 

25 alcohol or prostaglandins. Maximum enzyme activity was observed at pH 7.5 In 
Tris/HCI buffer and did not require divalent cations for activity. The purified 
recombinant protein expressed in £. coli migrated in SDS-PAGE at a position 
corresponding to approximately 35,000 daltons (see Fig. 4). 

SEQ ID NO 2 (Fig. 9; GenBank™: accession number AB0 10697, nucleotides 

30 50627 to 51670; and Stanford University Arabidopsis thaliana database: clone 
number M0J9 gene MOJ9.1i), corresponds to the gene AtST2b in Arabidopsis 
thaliana. SEQ ID rsiO 4 (Fig. 10) is an amino acid sequence deduced from SEQ ID 
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CLAIMS: 

1. A method for modulating flowering in a plant, comprising modifying in said 
plant the endogenous level of at least one compound selected from the group 

5 consisting of Jasmonic acid-tyrosine conjugate, jasmonic acld-tryptophan 
conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid-isoleucine 
conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine conjugate, 12- 
hydroxyjasmonic acid, glucoside of 12-hydroxyjasmanic acid, sulfate ester of 12- 
hydroxyjasmonic acid, 12-hydroxymethyljasmonic acid, glucoside of 12- 
10 hydroxymethyljasmonic acid, sulfate ester of 12-hydroxymethyijasmonic acid, 11- 
hydroxyjasmonic acid, glucoside of 11-hydroxyjasmonic acid, sulfate ester of 11- 
hydroxyjasmon ic acid, 11 -hydroxymethyljasmonic acid, glucoside of 11- 
hydroxymethyljasmonic acid, sulfate ester of 11-hydroxymethyijasmonic acid, and 
mixtures thereof. 

15 

2. The method of claim 1, wherein flowering of said plant is induced by 
increasing in said plant the endogenous level of at least one flowering inducing 
compound selected from the group consisting of jasmonic acid, jasmonic acid- 
tyrosine conjugate, jasmonic acid-tryptophan conjugate, jasmonic acid- 

20 phenylalanine conjugate, jasmonic acid-isoleucine conjugate, jasmonic acid- 
leucine conjugate, jasmonic acid-valine conjugate, 12-hydroxyjasmonic add, 
glucoside of 12-hydroxyjasmonic acid, methyljasmonic acid, 12- 
hydroxymethyljasmonic acid, glucoside of 12-hydroxymethyljasmonic acid, 11- 
hydroxyjasmonic acid, glucoside of 11-hydroxyjasmonic acid, 11- 

25 hydroxymethyljasmonic acid, and glucoside of 11 -hydroxymethyljasmonic acid, 
said flowering induction and said endogenous level increase being compared to a 
corresponding plant wherein the endogenous level of said at least one compound 
has not been modified. 

30 3. The method of claim 2, wherein the endogenous level of said at least one 
flowering inducing compound is increased by a method selected from the group 
consisting of: 
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a) applying to said plant at least one of said flowering inducing compounds and/or 
salts thereof; 

b) applying to said plant at least one inhibitor of a sulfotransferase sulfonating 12- 
hydroxyjasmonic acid and/or 11-hydroxyjasmonic; and 

5 c) applying to said plant at least one stimulator of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid. 

4. The method of claim 2, wherein the endogenous level of said at least one 
flowering inducing compound is increased by: 
10 a) increasing in said plant the endogenous level of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid; and/or 
b) lowering in said plant the endogenous level of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 11-hydroxyjasmonic. 

15 5. The method of claim 4, wherein the endogenous level of the 
sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11-hydroxyjasmonic 
is lowered subsequently to a genetic modification of said plant. 

6. The method of claim 5, wherein- said genetic modification comprises the 
20 step of inhibiting the expression of at least one gene selected from the group 

consisting of AtST2a y AtST2b and functional homoiogues of AtST2a or of AtST2b. 

7. The method of claim 6, wherein said gene expression is inhibited by 
expressing into said plant an exogenous sequence coding for a nucleic acid 

25 sequence antisense to said gene. 

8. The method of claim 7, wherein said exogenous sequence is expressed 
under the control of a constitutive or an inducible promoter. 

30 9. The method of any one of claims 5 to 8, wherein said plant is transgenic. 
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10. The method of claim 3, wherein said plant has been genetically modified to 
flower early prior application thereto of said flowering compound(s), said 
sulfotransferase inhibitor(s) and/or said hydroxylase stimulator(s). 

5 11. The method of any one of claims 2 to 1 0, wherein said plant is selected 
from crop plants. 

12. A plant genetically modified to flower early when compared to a 
corresponding plant not genetically modified, said genetically modified plant 

10 having an increased endogenous level of jasmonic acid-tyrosine conjugate, 
Jasmonic acid-tryptophan conjugate, jasmonic acid-phenylalanine conjugate, 
jasmonic acid-isoieucine conjugate, jasmonic acid-leucine conjugate, jasmonic 
acid-valine conjugate. 12-hydroxyjasmonic acid, glucoside of 1 2-hydroxyjasmonic 
acid, 12-hydroxymethyijasmonic acid, glucoside of 12-hydroxymethyljasmonic 

15 acid, 1 1-hydroxyjasmonic acid, glucoside of 11-hydroxyjasmonic acid, 11- 
hydroxymethyljasmonic acid, and glucoside of 11-hydroxymethyljasmonic acid, 
when compared to said corresponding non-genetically modified plant. 

13. The plant of claim 12, wherein said genetic modification comprises: 

20 a) increasing in said genetically modified plant the endogenous level an 
hydroxylase hydroxylating jasmonic acid and/or methyljasmonic acid; and/or 
b) lowering in said genetically modified plant the endogenous level of a 
sulfotransferase sulfonating 1 2-hydroxyjasmonic acid and/or 11- 
hydroxyjasmonic. 



14. The genetically modified plant of claim 12 or 13, wherein said genetic 
modification comprises inhibiting the expression of at least one gene selected from 
the group consisting of AtST2a, AtST2b and functional homologues of AtST2a or 
of AtST2b. 

15. The genetically modified plant of claim 13, wherein the endogenous level of 
the sulfotransferase sulfonating 1 2-hydroxyjasmonic acid and/or 11- 
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hydroxyjasmonic is lowered by expressing into said plant an exogenous nucleic 
acid sequence, said exogenous nucleic acid sequence encoding: i) for a nucleic 
acid sequence antisense to a gene encoding at least one of said 
sulfotransferases; or ii) for a nucleic acid sequence antisense to a portion of said 
5 gene. 

16. The geneticaily modified plant of claim 15, wherein said exogenous 
sequence is expressed under the control of a constitutive or inducible promoter. 

10 17. The genetically modified plant of any one of claims 12 to 16, wherein said 
plant is transgenic. 

13. A cut flower from the genetically modified piani of any one of ciaims 12 to 
17. 

15 

19. A composition for Inducing flowering in a plant comprising a flowering 
inducing effective amount of a compound selected from the group consisting of, 
jasmonic acid-tyrosine conjugate, jasmonic acid-tryptophan conjugate, Jasmonic 
acid-phenylalanine conjugate, jasmonic acid-isoleucine conjugate, jasmonic acid- 

20 leucine conjugate, jasmonic acid-valine conjugate, 12-hydroxyjasmonic acid, 
glucoside of 12-hydroxyjasmonic acid, 12-hydroxymethyljasmonic acid, glucoside 
of 12-hydroxymethyljasmonic acid, 1 1-hydroxyjasmonic acid, glucoside of 11- 
hydroxyjasmonic acid, 1 1-hydroxymethyljasmonic acid, glucoside of 11- 
hydroxymethyljasmonic acid, salts thereof, and mixtures thereof, in combination 

25 with a diluent or a carrier such that an induction in flowering of said plant occurs 
when compared to a corresponding plant in the absence of said composition. 

20. The composition of claim 19, further comprising a compound selected from 
the group consisting of fertilizers, growth regulators, fungicides, insecticides, 

30 emulsifying agents and mixtures thereof. 
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21. The method of claim 1, wherein flowering of said plant is delayed by 
lowering in said plant the endogenous level of at least one compound selected 
from the group consisting of jasmonic acid-tyrosine conjugate, jasmonic acid- 
tryptophan conjugate, jasmonic acid-phenylalanine conjugate, jasmonic aeid- 
isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic acrd-valine 
conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, 12- 
hydroxymethyljasmonic acid, glucoside of 12-hydroxymethyljasmonic acid, 11- 
hydroxyjasmonic acid, glucoside of 11-hydroxyjasrnonic acid, 11- 
hydroxymethyljasmonic acid, and glucoside of 12-hydroxymethyljasmonic acid, 
said flowering delay and said lower endogenous level being compared to a 
corresponding plant wherein the endogenous level of said at least one compound 
has not been modified. 

22. The method of claim 21, wherein the endogenous level of said at least one 
compound is lowered by: 

a) applying to said plant an inhibitor and/or an inactivator of at least one of said 
compounds; 

b) applying to said plant at least one stimulator of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 1 1-hydroxyjasmonic; and/or 

c) applying to said plant at least one inhibitor of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid. 

23. The method of claim 21 . wherein the endogenous level of said at least one 
compound is lowered by: 

a) lowering in said plant the endogenous level of an hydroxylase hydroxylating 
Jasmonic acid and/or methyljasmonic acid; and/or 

b) increasing In said plant the endogenous level of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 1 1 -hydroxyjasmonic acid. 

24. The method of claim 23, wherein the endogenous level of said 
sulfotransferase is increased subsequently to a genetic modification in the genome 
of said plant. 
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25. The method of claim 24, wherein said genetic modification comprises the £ 
steps of increasing the expression of at least one gene selected from the group I 
consisting of AtST2a, AtST2b and functional homologues of AtST2a or of AtST2b. 

5 

26. The method of claim 25, wherein said gene expression is increased by 
placing said gene under the control of a constitutive or of an inducible promoter. 

27. The method of any one of claims 2 1 to 26 T wherein said plant is transqenic c 
10 ' i 

28. The method of claim 22, wherein said plant has been genetically modified to 
flower lately prior application thereto of said compound (s), said sulfotransferase 

stimuiator(s) and/or said hydroxylase inhibitor(s). 

15 29. A plant genetically modified to flower tardily when compared to a 
corresponding plant not genetically modified, said genetically modified plant 
having a lowered endogenous level of at least one compound selected from the 
group consisting of jasmonic acid, jasmonic acid-tyrosine conjugate, jasmonic 
acid-try ptophan conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid- 

20 isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine 
conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, 
methyljasmonic acid, 12-hydroxymethyljasmonic acid, glucoside of 12- 
hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside of 11- 
hydroxyjasmonic acid, 11-hydroxymethyljasmonic acid, and glucoside of 11- 

25 hydroxymethyljasmonic acid, when compared to said corresponding non- 

genetically modified plant. f 



En 
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30. The plant of claim 29, wherein sard genetic modification comprises: 

a) lowering in said genetically modified plant the endogenous level of an 
hydroxylase hydroxylating jasmonic acid and/or methyljasmonic acid; and/or 

b) increasing in said genetically modified plant the endogenous level a 
5 sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 

bydroxyjasmonic. 

31. The genetically modified plant of claims 29 or 30, wherein said genetic 
modification comprises increasing the expression of at least one gene selected 

10 from the group consisting of AtST2a, AtST2b and functional homologues of 
AtST2a or AtST2b. 

32. The genetically modified piani of ciaim 30, wherein the endogenous level of 
the sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 

15 hydroxyjasmonic is increased by expressing into said genetically modified plant a 
nucleic acid sequence encoding said sulfotransferase under the control of a 
constitutive or an inducible promoter. 

33. The genetically modified plant of any one of claims 29 to 32, wherein said 

20 plant is transgenic. ■ 

i 

34. A composition for delaying flowering in a plant comprising a flowering 
delaying effective amount of an inhibitor or of an inactivator of a compound 
selected from the group consisting of jasmonic acid-tyrosine conjugate, jasmonic 

25 acid-tryptophan conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid- 
isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine 
conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, 12- [ 
hydroxymethytjasmonic acid, glucoside of 12-hydroxymethyljasmonic acid, 11- I 
hydroxyjasmonic add, glucoside of 11 -hydroxyjasmonic acid, 11- 1 

30 hydroxymethytjasmonic acid, and glucoside of 1 1 -hydroxymethyljasmonic acid, in = 
combination with a diluent or a carrier such that a delay In flowering of said plant 

: 
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occurs when compared to a corresponding plant in the absence of said 
composition. 

35. The composition of claim 34, further comprising a compound selected from 
5 the group consisting of fertilizers, growth regulators, fungicides, insecticides, 

emulsifying agents and mixtures thereof. 

36. An isolated or purified nucleic acid molecule encoding a piant 11- 
hydroxyjasmonic acid or 12-hydroxyja5monic acid sulfotransferase. 

10 

37. The isolated nucleic acid molecule of claim 36, comprising a nucleotide \ 
sequence selected from the group consisting of SEQ ID NO:1, nucleotide ■ 
sequences having at ieast 50% similarity with SEQ ID NC:i, SEQ iD NO:2, ^ 
nucleotide sequences having at least 50% similarity with SEQ ID NO:2 and 

1 5 nucleotide sequences complementary thereto. • 



38. The isolated nucleic acid molecule of claim 36, comprising a nucleotide 
sequence which 

hybridizes under low stringency conditions to a nucleotide sequence selected from 
20 the group consisting of SEQ ID NO:1, a complementary strand of SEQ ID NO:1, 
SEQ ID NO:2 and a complementary strand of SEQ ID NO:2. 

39. The isolated nucleic acid molecule of any one of claims 36 to 38, wherein 
the hydroxyjasmonic acid sulfotransferase is of Arabidopsis thaliana origin. 

25 

40. A vector comprising the nucleic acid molecule of any one of claims 36 to 39. 

41. The vector of claim 40, wherein the vector is capable of replication and 
expression in a plant cell. 

30 

42. A transgenic plant comprising the nucleic acid molecule of any one of 
claims 36 to 39. 
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43 A method for producing a transgenic plant capable to flower early 
method comprising the steps of: y ' 

a) introducing into a ce,l of a suitable plant an exogenous nucleic acid molecule 
comprising a sequence of nucleotides antisense to a sequence encoding a 
plant hydroxyjasmonic acid sulfotransferase; 

b) regenerating a transgenic plant from the cell; and 

c) growing said transgenic plant for a time and under conditions sufficient to 
inh.bit expression of the hydroxyjasmonic acid sulfotransferase. 



10 



44. The method cf Cain, 43. wherein the exogenous nucleic acid molecule 
comprises a nucleotide sequence antisense to a nucleotide sequence selected 
from the group consisting of SEQ ED NOrt. nucleotide sequences having at least 
50% similarity wilh SEQ ID NO:,. SEQ ID NO:2 and nudeot.de sequences having 
15 at least 50% similarity with SEQ ID NO:2. 9 



20 



45. A method for producing a transgenic plant capable to flower tardily said 
method comprising the steps of: 

a) introducing Into a cel. of a suitable plant an exogenous nucleic acid 
molecule encoding a plant hydroxyjasmonic acid sulfotransferase; 

b) regenerating a transgenic plant from the cell; and 

c) growing said transgenic plant for e time and under conditions sufficient to 
permit expression of ,he nucleio add sequence into an hydroxyjasmonic 
acid sulfotransferase. 



25 



46. The method of claim 45, wherein the exogenous nucleic acid molecule 
comprises a nucleotide sequence selected from the group consisting of SEQ ID 
NO:1. nucleotide sequences having at least 50% similarity with SEQ | D NQ1 
SEQ ID NO:2 and nucleotide sequences having at least 50% similarity with SEQ I 
30 IDNO.-2. y £ 
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47. The method of any one of claims 43 to 46, wherein the hydroxyjasmonic 
acid suifbtransferase is a 11- or a 12- hydroxyjasmonic acid su If otransf erase. 

48. An isolated or purified polypeptide having the biological activity of a plant 
5 1 1-hydroxyjasmonic acid or 12-hydroxyjasmonic acid sulfotransferase. 

49. The polypeptide of claim 48, encoding a sulfotransferase enzyme selected 
from the group consisting of: 

a) an enzyme whose amino acid sequence is represented by SEQ ID NO: 3 or 
10 SEQ ID NO: 4; and 

b) functional homologues of enzyme a) isolated from a plant, or derived from 
enzyme a) by substitution, deletion or addition of one or several amino acids in 
the amino acid sequences defined in a) and having similar biological activity or 
function(s). 



15 



20 



50. An antibody binding with affinity to a polypeptide as defined in claim 48 or 
49. 

51 . The antibody of claim 50 used for delaying flowering in a plant. 
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plants such as cauliflower and broccoli. 

Other objects and advantages of the present invention will be apparent 
upon reading the following non-restrictive description of several preferred 
embodiments, made with reference to the accompanying drawings and to the 
enclosed examples. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1A and 1B show the chemical structures of 12-hydroxyjasmonic acid 
10 (Fig. 1A) and 11-hydroxyjasmonic acid (Fig. 1B). 

Figures 2A and 2B are pictures showing the effect on flowering time of a 
treatment with 12-hydroxyjasmonic acid (Fig. 2B) in Arabidopsis thaliana, 
when compared to a treatment with water (Fig. 2A). 

Figure 3 is a picture showing the phenotype of transgenic Arabidopsis plants 
expressing AtST2a gene under the control of a constitutive promoter when 
compared to wild type non-transgenic plant (WT). S5, S6, S9, and S16 
indicate independent transgenic lines. 

Figure 4 is a Western blot of protein extracts from the plants shown in Fig. 3 
probed with anti-/4fS72a antibodies. MW: Molecular weight markers; WT: wild 
20 type plants; S5, S6, S9, and S16: independent transgenic lines. 

Figure 5 is a picture showing the phenotype of transgenic Arabidopsis plants 
expressing the AtST2a gene in the antisense orientation under the control of 
a constitutive promoter (TL 7-2-5) when compared to non transgenic plants 
(WT). 

Figure 6 is a picture showing the effect of methyljasmonic acid treatment on 
the flowering time of wild type Arabidopsis thaliana plants (WT C24) and on 
transgenic Arabidopsis thaliana plants expressing the AtST2a gene in the 
antisense orientation under the control of a constitutive promoter (TL 7-2-5). 
Figure 7: Shows nucleotide sequence of AtST2a gene (SEQ ID NO 1) taken 
30 from Arabidopsis thaliana database at Stanford University (clone number 

M0J9, gene MOJ9.16 and the EST 119G6T7) and the GeneBank database 
(accession number AB01 0697, nucleotides 55015 to 53936). 
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Figure 8: Shows the deduced amino acid sequence (SEQ ID NO 3) of the 
protein encoded by the AtST2a gene shown in Fig. 7. 

Figure 9: Shows the nucleotide sequence of AtST2b gene (SEQ ID NO 2) 
taken from Arabidopsis thaliana database at Stanford University (clone 
number M0J9, gene MOJ9.15) and the GeneBank database (accession 
number AB01 0697, nucleotides 51670 to 50627). 

Figure 10: Shows the deduced amino acid sequence (SEQ ID NO 4) of the 
protein encoded by the AtST2b gene shown in Fig. 9. 

Figure 11 is a Northern blot of plants mRNA extracts showing the effect of 
various 12-hydroxyjasmonate concentrations on the expression of the 
AtST2a gene. 

Figure 12 is a Northern blot of plants mRNA extracts showing the effect of 
the photoperiod on the expression of the AtST2a gene. 

DETAILED DESCRIPTION OF THE INVENTION 

A) Definitions 

In order to provide an even clearer and more consistent understanding of 
the specification and the claims, including the scope given herein to such terms, 
the following definitions are provided: 

1 1-hydroxyjasmonic acid: 3-Oxo-2-(4-hydroxy-2-pentenyl)-cyclopentane- 

1 - acetic acid. Its chemical structure is shown in Fig. 1B. 

1 1-hydroxyjasmonic acid glucoside: 3-Oxo-2-(4-p-D-glucopyranosyloxy- 

2- pentenyl)-cyclopentane-1 -acetic acid 

1 1- hydroxyjasmonic acid sulfate: 3-Oxo-2-(4-hydroxysulfonyloxy-2- 
25 pentenyl)-cyclopentane-1 -acetic acid 

12- hydroxyjasmonic acid: 3-Oxo-2-(5-hydroxy-2-pentenyl)-cyclopentane- 

1- acetic acid. Its chemical structure is shown in Fig. 1A. 

12-hydroxyjasmonic acid glucoside: 3-Oxo-2-(5-p-D-glucopyranosyloxy- 

2- pentenyl)-cyclopentane-1 -acetic acid. 

30 12-hydroxyjasmonic acid sulfate. 3-Oxo-2-(5-hydroxysulfonyloxy-2- 

pentenyl)-cyclopentane-1 -acetic acid. 
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inhibitors of jasmonic acid hydroxylase(s) should prevent the production of 
hydroxylated jasmonate compound(s). 

As for the flowering compounds, the above stimulators and/or inhibitors can 
be applied in a pure form, as a mixture of a plurality of compounds or be part of a 
flowering delaying composition. 

2) Molecular approach 

In accordance with the present invention, genetic sequences encoding a 
plant hydroxyjasmonic acid sulfotransferase have been identified, cloned and used 
to generate transgenic plants. 

SEQ ID NO 1 (Fig. 7; GeneBank: accession number AB01 0697, nucleotides 
53939 to 55015; and Stanford University Arabidopsis thaliana database: clone 
number M0J9, gene MOJ9.16 and EST 119G6T7) corresponds to the gene 
AtST2a in Arabidopsis thaliana. SEQ ID NO 3 (Fig. 8) is an amino acid sequence 
deduced from SEQ ID NO 1. This amino acid sequence is of public domain and 
comes from the Kazusa Arabidopsis Opening Site (KAOS) of the Kazusa DNA 
Research Institute (KDRI) (http://www.kazusa.or.ip/kaos/ : clone number M0J9, 
gene MOJ9.16). The present inventors have found that the AtST2a gene from 
Arabidopsis thaliana encodes a sulfotransferase that sulfonates 12- 
hydroxyjasmonic acid and 11 -hydroxyjasmonic acid with high specificity. Although 
not shown, results obtained demonstrated that this hydroxyjasmonic acid 
sulfotransferase exhibits high affinity for its substrate with a Km value of 1 1 (jM for 
12-hydroxyjasmonic acid and 60 pM for 11-hydroxyjasmonic acid. The enzyme did 
not accept structurally related compounds such as cucurbic acid, arachidonyl 
alcohol or prostaglandins. Maximum enzyme activity was observed at pH 7.5 in 
Tris/HCI buffer and did not require divalent cations for activity. The purified 
recombinant protein expressed in E. coli migrated in SDS-PAGE at a position 
corresponding to approximately 35,000 daltons (see Fig. 4). 

SEQ ID NO 2 (Fig. 9; GeneBank: accession number AB01 0697, nucleotides 
50630 to 51670; and Stanford University Arabidopsis thaliana database: clone 
number M0J9 gene MOJ9.15), corresponds to the gene AtST2b in Arabidopsis 
thaliana. SEQ ID NO 4 (Fig. 10) is an amino acid sequence deduced from SEQ ID 
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CLAIMS: 



1 . A method for modulating flowering in a plant, comprising modifying in said 
plant the endogenous level of at least one compound of the jasmonate family. 

2. The method of claim 1 , wherein said compound is selected from the group 
consisting of jasmonic acid, jasmonic acid-tyrosine conjugate, jasmonic acid- 
tryptophan conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid- 
isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine 
conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, sulfate 
ester of 12-hydroxyjasmonic acid, methyljasmonic acid, 12-hydroxymethyljasmonic 
acid, glucoside of 12-hydroxymethyljasmonic acid, sulfate ester of 12- 
hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside of 11- 
hydroxyjasmonic acid, sulfate ester of 11-hydroxyjasmonic acid, 11- 
hydroxymethyljasmonic acid, glucoside of 1 1-hydroxymethyljasmonic acid, sulfate 
ester of 1 1-hydroxymethyljasmonic acid, and mixtures thereof. 

3. The method of claim 1 or 2, wherein flowering of said plant is induced by 
increasing in said plant the endogenous level of at least one flowering inducing 
compound selected from the group consisting of jasmonic acid, jasmonic acid- 
tyrosine conjugate, jasmonic acid-tryptophan conjugate, jasmonic acid- 
phenylalanine conjugate, jasmonic acid-isoleucine conjugate, jasmonic acid- 
leucine conjugate, jasmonic acid-valine conjugate, 12-hydroxyjasmonic acid, 
glucoside of 12-hydroxyjasmonic acid, methyljasmonic acid, 12- 
hydroxymethyljasmonic acid, glucoside of 12-hydroxymethyljasmonic acid, 11- 
hydroxyjasmonic acid, glucoside of 11-hydroxyjasmonic acid, 11- 
hydroxymethyljasmonic acid, and glucoside of 1 1-hydroxymethyljasmonic acid, 
said flowering induction and said endogenous level increase being compared to a 
corresponding plant wherein the endogenous level of said at least one compound 
has not been modified. 
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4. The method of claim 3, wherein the endogenous level of said at least one 
flowering inducing compound is increased by a method selected from the group 
consisting of: 

a) applying to said plant at least one of said flowering inducing compounds and/or 
salts therof; 

b) applying to said plant at least one inhibitor of a sulfotransferase sulfonating 12- 
hydroxyjasmonic acid and/or 11-hydroxyjasmonic; and 

c) applying to said plant at least one stimulator of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid. 

5. The method of claim 3, wherein the endogenous level of said at least one 
flowering inducing compound is increased by: 

a) increasing in said plant the endogenous level of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid; and/or 

b) lowering in said plant the endogenous level of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 1 1-hydroxyjasmonic. 

6. The method of claim 5, wherein the endogenous level of the 
sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11-hydroxyjasmonic 
is lowered subsequently to a genetic modification of said plant. 

7. The method of claim 6, wherein said genetic modification comprises the 
step of inhibiting the expression of at least one gene selected from the group 
consisting of AtST2a t AtST2b and functional homologues of AtST2a or of AtST2b. 

8. The method of claim 7, wherein said gene expression is inhibited by 
expressing into said plant an exogenous sequence coding for a nucleic acid 
sequence antisense to said gene. 

9. The method of claim 8, wherein said exogenous sequence is expressed 
under the control of a constitutive or an inducible promoter. 
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10. The method of any one of claims 6 to 9, wherein said plant is transgenic. 

11. The method of claim 4, wherein said plant has been genetically modified to 
flower early prior application thereto of said flowering compound(s), said 

5 sulfotransferase inhibitor(s) and/or said hydroxylase stimulator(s). 

12. The method of any one of claims 3 to 11, wherein said plant is selected 
from crop plants. 

10 13. A plant genetically modified to flower early when compared to a 
corresponding plant not genetically modified, said genetically modified plant 
having an increased endogenous level of jasmonic acid, jasmonic acid-tyrosine 
conjugate, jasmonic acid-tryptophan conjugate, jasmonic acid-phenylalanine 
conjugate, jasmonic acid-isoleucine conjugate, jasmonic acid-leucine conjugate, 
15 jasmonic acid-valine conjugate, 12-hydroxyjasmonic acid, glucoside of 12- 
hydroxyjasmonic acid, methyljasmonic acid, 12-hydroxymethyljasmonic acid, 
glucoside of 12-hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside 
of 11-hydroxyjasmonic acid, 1 1 -hydroxy methyljasmonic acid, and glucoside of 11- 
hydroxymethyljasmonic acid, when compared to said corresponding non- 
20 genetically modified plant 

14. The plant of claim 13, wherein said genetic modification comprises: 

a) increasing in said genetically modified plant the endogenous level an 
hydroxylase hydroxylating jasmonic acid and/or methyljasmonic acid; and/or 
25 b) lowering in said genetically modified plant the endogenous level of a 
sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 
hydroxyjasmonic. 

15. The genetically modified plant of claim 13 or 14, wherein said genetic 
30 modification comprises inhibiting the expression of at least one gene selected from 

the group consisting of AtST2a, AtST2b and functional homologues of AtST2a or 
of AtST2b. 
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16. The genetically modified plant of claim 14, wherein the endogenous level of 
the sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 
hydroxyjasmonic is lowered by expressing into said plant an exogenous nucleic 
5 acid sequence, said exogenous nucleic acid sequence encoding: i) for a nucleic 
acid sequence antisense to a gene encoding at least one of said 
sulfotransferases; or ii) for a nucleic acid sequence antisense to a portion of said 
gene. 

10 17. The genetically modified plant of claim 16, wherein said exogenous 
sequence is expressed under the control of a constitutive or inducible promoter. 

18. The genetically modified plant of any one of claims 13 to 17, wherein said 
plant is transgenic. 

15 

19. A cut flower from the genetically modified plant of any one of claims 13 to 
18. 

20. A composition for inducing flowering in a plant comprising a flowering 
20 inducing effective amount of a compound selected from the group consisting of 

jasmonic acid, jasmonic acid-tyrosine conjugate, jasmonic acid-tryptophan 
conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid-isoleucine 
conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine conjugate, 12- 
hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, methyljasmonic acid, 

25 12-hydroxymethyljasmonic acid, glucoside of 12-hydroxymethyljasmonic acid, 11- 
hydroxyjasmonic acid, glucoside of 11-hydroxyjasmonic acid, 11- 
hydroxymethyljasmonic acid, glucoside of 1 1-hydroxymethyljasmonic acid, salts 
thereof, and mixtures thereof, in combination with a diluent or a carrier such that 
an induction in flowering of said plant occurs when compared to a corresponding 

30 plant in the absence of said composition. 
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21. The composition of claim 20, further comprising a compound selected from 
the group consisting of fertilizers, growth regulators, fungicides, insecticides, 
emulsifying agents and mixtures thereof. 

5 22. The method of claim 1 or 2, wherein flowering of said plant is delayed by 
lowering in said plant the endogenous level of at least one compound selected 
from the group consisting of jasmonic acid, jasmonic acid-tyrosine conjugate, 
jasmonic acid-tryptophan conjugate, jasmonic acid-phenylalanine conjugate, 
jasmonic acid-isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic 

10 acid-valine conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic 
acid, methyljasmonic acid, 12-hydroxymethyljasmonic acid, glucoside of 12- 
hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside of 11- 
hydroxyjasmonic acid, 11-hydroxymethyljasmonic acid, and glucoside of 12- 
hydroxymethyljasmonic acid, said flowering delay and said lower endogenous 

15 level being compared to a corresponding plant wherein the endogenous level of 
said at least one compound has not been modified. 

23. The method of claim 22, wherein the endogenous level of said at least one 
compound is lowered by: 

20 a) applying to said plant an inhibitor and/or an inactivator of at least one of said 
compounds; 

b) applying to said plant at least one stimulator of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 1 1-hydroxyjasmonic; and/or 

c) applying to said plant at least one inhibitor of an hydroxylase hydroxylating 
25 jasmonic acid and/or methyljasmonic acid. 

24. The method of claim 22, wherein the endogenous level of said at least one 
compound is lowered by: 
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a) lowering in said plant the endogenous level of an hydroxylase hydroxylating 
jasmonic acid and/or methyljasmonic acid; and/or 

b) increasing in said plant the endogenous level of a sulfotransferase sulfonating 
12-hydroxyjasmonic acid and/or 11-hydroxyjasmonic acid. 

25. The method of claim 24, wherein the endogenous level of said 
sulfotransferase is increased subsequently to a genetic modification in the genome 
of said plant. 

26. The method of claim 25, wherein said genetic modification comprises the 
steps of increasing the expression of at least one gene selected from the group 
consisting of AtST2a, AtST2b and functional homologues of AtST2a or of AtST2b. 

27. The method of claim 26, wherein said gene expression is increased by 
placing said gene under the control of a constitutive or of an inducible promoter. 

28. The method of any one of claims 22 to 27, wherein said plant is transgenic. 

29. The method of claim 23, wherein said plant has been genetically modified to 
flower lately prior application thereto of said compound(s), said sulfotransferase 
stimulator(s) and/or said hydroxylase inhibitor(s). 

30. A plant genetically modified to flower tardily when compared to a 
corresponding plant not genetically modified, said genetically modified plant 
having a lowered endogenous level of at least one compound selected from the 
group consisting of jasmonic acid, jasmonic acid-tyrosine conjugate, jasmonic 
acid-tryptophan conjugate, jasmonic acid-phenylalanine conjugate, jasmonic acid- 
isoleucine conjugate, jasmonic acid-leucine conjugate, jasmonic acid-valine 
conjugate, 12-hydroxyjasmonic acid, glucoside of 12-hydroxyjasmonic acid, 
methyljasmonic acid, 12-hydroxymethyljasmonic acid, glucoside of 12- 
hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside of 11- 
hydroxyjasmonic acid, 11-hydroxymethyljasmonic acid, and glucoside of 11- 
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hydroxymethyljasmonic acid, when compared to said corresponding non- 
genetically modified plant. 



31 . The plant of claim 31 , wherein said genetic modification comprises: 

5 a) lowering in said genetically modified plant the endogenous level of an 
hydroxylase hydroxylating jasmonic acid and/or methyljasmonic acid; and/or 
b) increasing in said genetically modified plant the endogenous level a 
sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 
hydroxyjasmonic. 

10 

32. The genetically modified plant of claims 30 or 31, wherein said genetic 
modification comprises increasing the expression of at least one gene selected 
from the group consisting of AtST2a, AtST2b and functional homologues of 
AtST2a or AtST2b. 

15 

33. The genetically modified plant of claim 31, wherein the endogenous level of 
the sulfotransferase sulfonating 12-hydroxyjasmonic acid and/or 11- 
hydroxyjasmonic is increased by expressing into said genetically modified plant a 
nucleic acid sequence encoding said sulfotransferase under the control of a 

20 constitutive or an inducible promoter. 

34. The genetically modified plant of any one of claims 30 to 33, wherein said 
plant is transgenic. 

25 35. A composition for delaying flowering in a plant comprising a flowering 
delaying effective amount of an inhibitor or of an inactivator of a compound 
selected from the group consisting of jasmonic acid, jasmonic acid-tyrosine 
conjugate, jasmonic acid-tryptophan conjugate, jasmonic acid-phenylalanine 
conjugate, jasmonic acid-isoleucine conjugate, jasmonic acid-leucine conjugate, 

30 jasmonic acid-valine conjugate, 12-hydroxyjasmonic acid, glucoside of 12- 
hydroxyjasmonic acid, methyljasmonic acid, 12-hydroxymethyljasmonic acid, 
glucoside of 12-hydroxymethyljasmonic acid, 11-hydroxyjasmonic acid, glucoside 
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of 11 -hydroxyjasmonic acid, 11-hydroxymethyljasmonic acid, and glucoside of 11- 
hydroxymethyljasmonic acid, in combination with a diluent or a carrier such that a 
delay in flowering of said plant occurs when compared to a corresponding plant in 
the absence of said composition. 

5 

36. The composition of claim 35, further comprising a compound selected from 
the group consisting of fertilizers, growth regulators, fungicides, insecticides, 
emulsifying agents and mixtures thereof. 

10 37. An isolated nucleic acid molecule comprising a sequence of nucleotides 
encoding or complementary to a sequence encoding a plant hydroxyjasmonic acid 
sulfotransferase. 

38. The isolated nucleic acid molecule of claim 37, comprising a nucleotide 
15 sequence selected from the group consisting of SEQ ID NO:1, nucleotide 
sequences having at least 50% similarity with SEQ ID NO:1, SEQ ID NO:2, 
nucleotide sequences having at least 50% similarity with SEQ ID NO:2 and 
nucleotide sequences complementary thereto. 

20 39. An isolated nucleic acid molecule which: 

i) encodes an hydroxyjasmonic acid sulfotransferase of plant origin; and 

ii) hybridizes under low stringency conditions to a nucleotide sequence selected 
from the group consisting of SEQ ID NO:1, a complementary strand of SEQ ID 
NO:1, SEQ ID NO:2 and a complementary strand of SEQ ID NO:2. 

25 

40. The isolated nucleic acid molecule of any one of claims 37 to 39, wherein 
the hydroxyjasmonic acid sulfotransferase is of Arabidopsis thaliana origin. 

41. The isolated nucleic acid molecule of any one of claims 37 to 40, wherein 
30 the hydroxyjasmonic acid sulfotransferase is a 11- or a 12- hydroxyjasmonic acid 

sulfotransferase. 
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42. A vector comprising the nucleic acid molecule of any one of claims 37 to 41 . 

43. The vector of claim 42, wherein the vector is capable of replication and 
expression in a plant cell. 

44. A transgenic plant comprising the nucleic acid molecule of any one of 
claims 37 to 41. 

45. A method for producing a transgenic plant capable to flower early, said 
method comprising the steps of: 

a) introducing into a cell of a suitable plant an exogenous nucleic acid molecule 
comprising a sequence of nucleotides antisense to a sequence encoding a 
plant hydroxyjasmonic acid sulfotransferase; 

b) regenerating a transgenic plant from the cell; and 

c) growing said transgenic plant for a time and under conditions sufficient to 
inhibit expression of the hydroxyjasmonic acid sulfotransferase. 

46. The method of claim 45, wherein the exogenous nucleic acid molecule 
comprises a nucleotide sequence antisense to a nucleotide sequence selected 
from the group consisting of SEQ ID NO:1, nucleotide sequences having at least 
50% similarity with SEQ ID NO:1, SEQ ID NO:2 and nucleotide sequences having 
at least 50% similarity with SEQ ID NO:2. 

47. A method for producing a transgenic plant capable to flower tardily, said 
method comprising the steps of: 

a) introducing into a cell of a suitable plant an exogenous nucleic acid 
molecule encoding a plant hydroxyjasmonic acid sulfotransferase; 

b) regenerating a transgenic plant from the cell; and 

c) growing said transgenic plant for a time and under conditions sufficient to 
permit expression of the nucleic acid sequence into an hydroxyjasmonic 
acid sulfotransferase. 
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48. The method of claim 47, wherein the exogenous nucleic acid molecule 
comprises a nucleotide sequence selected from the group consisting of: SEQ ID 
NO:1, nucleotide sequences having at least 50% similarity with SEQ ID NO:1, 
SEQ ID NO:2 and nucleotide sequences having at least 50% similarity with SEQ 

5 ID NO:2. 

49. The method of any one of claims 45 to 48, wherein the hydroxyjasmonic 
acid sulfotransferase is a 11- or a 12- hydroxyjasmonic acid sulfotransferase. 

10 50. An isolated hydroxyjasmonic acid sulfotransferase enzyme selected from 
the group of: 

a) an enzyme whose amino acid sequence is represented by SEQ ID NO 3 or 
SEQ ID NO 4; and 

b) functional homologues of enzyme a) isolated from a plant, or derived from 
15 enzyme a) by substitution, deletion or addition of one or several amino acids in 

the amino acid sequences defined in a) and having similar biological activity or 
function(s). 

51 . An antibody binding with affinity to at least one of the hydroxyjasmonic acid 
20 sulfotransferase of claim 50. 



52. The antibody of claim 51 used for delaying flowering in a plant. 
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The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re item I 

Basis of the opinion 

The amended description and claims filed with the telefax of 21 .09.2001 are formally 
acceptable under Article 34(2)(b) PCT. 

The amendments in the sequence listing pages 1-5 filed with the telefax of 21 .09.2001 
appear to be corrections of an obvious error that has been detected by the ISA. The 
amendments are therefore formally acceptable under Article 34(2)(b) PCT under the 
condition that no new matter has been added. 



Re Item V 

Reasoned statement under Article 35 with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

The following documents (D) are referred to in this report; the numbering will be 
adhered to in the rest of the procedure and is following the order of the International •* 
Search Report: 



D1 DD-A-209379 (ADW DDR) 

D2 EMBL Acc. No. AB010697 

D3 Krajncic and Nemec, 1995. J. Plant Physiol. 146:754-756. 

D4 Albrechtova and Ullmann, 1994. Biol. Planta. 36:317-319. 



1. Article 33(2)(3) PCT (Novelty and inventive step) 

1.1 Present claim 1 is directed to a method of modulating flowering in a plant by 
modifying the endogenous level of at least one compound belonging to the 
jasmonate family. 

Documents D1 (page 1, last paragraph), D3 (page 755, Discussion) and D4 (page 
318, 2 nd paragraph) disclose methods of modulating flowering in a plant by 
modifying the endogenous level of a compound of the jasmonate family, i.e. 
jasmonic or methyljasmonic acid. These two compounds are excluded from 
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present claim 1 . Claim 1 and dependent claims 2-11 and 21 - 28 thus meet the 
requirements of Article 33(2) PCT. The same holds true for the subject-matter of 
claims 19, 20, 34 and 35 directed to a composition for inducing or delaying 
flowering in a plant comprising a compound mentioned in claim 1 . 

1 .2 The subject-matter of present claim 1 differs from D1 , D3 or D4 by the use of 
another compound from the jasmonate family. The problem to be solved may thus 
be formulated as the provision of an alternative method for modulating flowering in 
a plant. 

1 .3 Alternative compounds from the jasmonate family have been available at the 
filing date of the present application. It does not involve an inventive step to 
exchange one known compound by another known compound of the same 
chemical group. An inventive activity for the subject-matter of present claim 1 can 
therefore not be acknowledged. Claim 1 does not meet the requirements of Article 
33(3) PCT. The same holds true for dependent claims 2, 3, 1 1 and 21 - 23 as well 
as for claims 1 9, 20,34 and 35 directed to compositions containing said 
compounds. 

1 .4 Present claim 36 is directed to an isolated nucleic acid molecule encoding a 
plant hydroxyjasmonic acid sulfotransferase. 

Document D2 discloses a nucleic acid sequence that is 100% identical to SEQ ID 
NOs:1 and 3. D2 therefore anticipates the subject-matter of present claims 36 and 
37 - 39 as well as of claim 48 directed to the corresponding protein. Dependent 
claims 40 - 42 and 49 - 51 do not contain any features that would render the 
subject-matter of said claims novel or inventive over the prior art presently 
available to the IPEA. 

1 .5 The function of a nucleic acid molecule is an inherent feature of its sequence. 
Consequently, annotating a known sequence cannot establish novelty over the 
prior art D2. 

1 .4 It appears that claims directed to a method of modulating flowering in a plant 
by enhancing or inhibiting the expression of AtST2a/b and thereby increasing or 
decreasing the endogenous level of jasmonic acid, methyljasmonic acid, 12- 
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hydroxyjasmonic acid and/or 1 1 hydroxyjasmonic (i.e. claims 4 - 10, 12 - 18, 24 - 
33 and 43 - 47) acid could meet the requirements of Article 33(2)(3) PCT. 
Please also see the comments in section VIII below. 

1.5 The applicant is requested to note that any transgenic plant containing a gene 
that leads to early or late flowering may anticipate the subject-matter of present 
claims 12, 13, 29 and 30. These plants may have, as a result of the expression of 
a flowering related gene (WUSCHEL, APETALA, ...), a modified level of a 
compound of the so-called jasmonate family. 

Re Item VIII 

Certain observations on the international application 

1 . The term "functional homologues" in present claims 6 and 31 is unclear (Article 6 
PCT). It is not apparent what such a term may comprise and it is therefore not 
useful as a true technical feature. 

• The same holds true for the term "AtST2a/b". Such internal arbitrary designations 
are meaningless to a man skilled in the art and should be replaced by reference to 
a SEQ ID NO. 

2. It may be true that the description (page 8, line 27 - page 9, line 13) provides 
some sort of "definition" for the contested term. This "definition" is however not 
useful to clearly define the meaning of a "functional homologue". On the contrary, 
it introduces ambiguity and does not allow to determine the extent of protection. 

3. Claims 12 and 29 do not meet the requirements of Article 6 PCT in that the matter 
for which protection is sought is not clearly defined. The claims attempt to define 
the subject-matter in terms of the result to be achieved which merely amounts to a 
statement of the underlying problem. The technical features necessary for 
achieving this result should be added. It is not apparent how an increased or 
decreased endogenous level of compounds of the so-called jasmonate family 
should be obtained. 

It furthermore appears that the subject-matter of claims 12 and 29 in their present 
form is not sufficiently disclosed for a man skilled in the art to carry out the 
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invention. The only method that has been reduced to practice is the 
overexpression or inhibition of AtST2a/b. Thus an undue burden is placed on 
others trying to establish the extent of protection (Article 5 PCT) 
The same holds true for present claims 4, 5, 21 - 24 and 30. 

4. Similar objections apply to present claims 20 and 35 with respect to the term 

"effective amount of It is not apparent how an effective amount of a substance 
modulating flowering in a plant should be defined. Therefore, the term is not 
useful as a true technical feature. 

The definitions provided by the description do not help to clarify the contested 
term. Once again an undue burden is placed on others trying to establish the 
extent of protection (Article 5 PCT). 
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FOR FURTHER see Notification of Transmittal of International Search Report 
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This International Search Report consists of a total of 5 sheets. 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report — 
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□ 

□ 



2 . E Certain claims were found unsearchable (See Box I). 

3. Q Unity of invention is lacking (see Box II). 

4. With regard to the title, 

I | the text is approved as submitted by the applicant. 
PH the text has been established by this Authority to read as follows: 
METHODS , COMPOSITIONS AND GENETIC SEQUENCES FOR MODULATING FLOWERING IN PLANTS 
AND PLANTS GENETICALLY MODIFIED TO FLOWER FARLY AND TARDILY 

5. With regard to the abstract, 

[X] the text is approved as submitted by the applicant. 

□ th i text nas bee ? established, according to Rule 38.2(b), by this Authority as it appears in Box III The annlicant mav 
^ within one month from the date of mailing of this international search report, submU comments tototetoto^ ^ 

6. The figure of the drawings to be published with the abstract is Figure No. J 

E as suggested by the applicant. Q None 0 f the figures. 

| I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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The SEQID2 is not representing a nucleotide sequence but indeed is 
Sn! !Fn?n. ami ' n ° aCld s !? uence according to the filed sequence 
llqulril' listings re P resen tmg a nucleotide sequence according to said 

Accordingly the search was based on the assumption that the nucleotide 
sequences of claims 38,39,46 and 48 are represented by SEQIDs 1 and 3 and 
r^ective^ sequences of cla1m 5 ° ^e represented by SEQIDs 2 and 4, 

If^m? Pl ^? n J' S a " ention J s d ^wn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
nternational preliminary examination (Rule 66.1(e) PCT) The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched This is 

^rp?nt Se ni r ^ SPeCt1V ^ ° f Wh6ther or not the claims are amended blowing 
receipt of the search report or during any Chapter II procedure 
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involve an inventive step when the document is taken alone 
document of particular relevance; the claimed invention 
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ments, such combination being obvious to a person skilled 
in the art. 
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the whole document 
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